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Abstract 
Electrical resistivity survey was carried out in a site proposed for the construction and installation of a Power sub-
station. The project will involve subsurface installation of cables and other objects that easily conduct electricity. 
Extant laws including EIA also require knowledge of subsurface distribution of resistivity in construction projects 
that would involve burial of steel pipes and cables. The imperative of this is emphasized by the location of the 
project in an area of shallow groundwater conditions. Field resistivity measurements were undertaken using ABEM 
Terrameter SAS 1000, adopting Schlumberger configuration in vertical electric sounding at 12 locations within the 
study site. The results were used to generate geo-electric log models. Three geo-electric profile models (pseudo- 
profiles) were also taken NE-SW of the site. Interpretation of the models shows that the area is characterized by two 
geo-electric layers to the depth of 30m. The upper layer of lower resistivity occurs to a depth of 2-3m. This layer 
consists of lateritic to silty sands. The lower layer has a resistivity of between 900 - >2000 Ωm and represents fine to 
coarse sands and gravels. On the Soil Electrical Resistivity Classification (BS 1377), the subsoil falls within non-
corrosive class. Objects installed in the soil are not likely to suffer corrosion soon. Similarly, subsurface electrical 
installations will pose minimal hazards and would require basic precautions to avoid electrical accidents.  
Keywords: Resitivity, subsurface installation, power substation, Rivers State, Nigeria 
 
I.  Introduction 
Electrical resistivity surveys now enjoy a wide and 
varied  application  outside  its  original  applications  in 
geological,  mining  and  geotechnical  investigations.  It 
now  has  wide  applications  in  environmental  studies. 
This  is  partly  as  a  result  of  increased  environmental 
awareness and control as well as strict environmental 
laws and partly as a result of availability of high speed 
computers  capable  of  processing  the  usually  large 
volume  of  data  generated  during  electrical  surveys, 
(Reynolds 1998). The use of electrical survey method 
in  environmental  studies  derive  from  the  fact  that 
electrical  resistivity  of  earth  materials  depends  on 
environmental parameters such as mineral composition, 
fluid  content,  degree  of  saturation  with  water,  nature 
and concentration of the saturating fluid, conductivity, 
porosity and permeability of the matrix, grain size etc. 
It  is  used  especially  to  determine  the  subsurface 
resistivity  distribution  in  areas  requiring  subsurface 
installation  of  corrosible  components  or  objects  that 
easily  conduct  electricity.  Environmental  Impacts 
Assessment,  EIA,  also  requires  knowledge  of 
subsurface  distribution  of  resistivity  in  construction 
projects  that  would  involve  burial  of  steel  pipes  and 
cables.  This  is  more  pertinent  in  areas  of  shallow 
groundwater conditions like the Niger Delta where this 
study was carried out.  
 
The study site has been marked for construction of 
an Electrical Power Substation with installation of an 
effective  Lightening  Arrestor  and  Electric  Grounding 
System  for  safety.  The  study  was  commissioned  to 
generate  baseline  geo-electric  characteristics  of  the 
area.  Shallow  resistivity  measurements  were  made  at 
the  location  with  a  view  to  establishing  the  soil 
resistivity profile in the area; a knowledge of which is 
necessary  for  the  design  of  the  project.  The  level  of 
aggressivity and corrosivity of the sub-soil environment 
is needed to guide in choice sub-surface installations to 
avoid  electrical  accidents,  protect  sub-surface 
installations  and  achieve  their  expected  design  life. 
Extant  environmental  laws  also  require  that 
groundwater be protected from pollution resulting from 
corrosion. Nature of the water bearing units as well as 
depths to water table will also be investigated.  
 
Soil  resistivity  measurements  were  carried  out 
using Schlumberger VES method, (at possible electrical 
grounding location) at the project site.  The data were 
acquired  under  fairly  favourable  weather  conditions; 
sunny and breezy. 
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II.  Geomorphology and Geology of Study 
Area. 
The  study  area  is  located  in  Ebubu,  an  oil 
producing  community  in  Rivers  State,  eastern  Niger 
Delta, Nigeria (Figure 1). The physiography conforms 
to the geomorphic features of the Niger Delta governed 
by  several  factors  which  influence  transport  and 
ultimate  deposition  of  the  sediment  load,  shape  and 
growth of the delta. Present knowledge of the geology 
of  the  Niger  Delta  derives  from  the  works  of  earlier 
researchers such as Reyment, (1965), Short & Stauble, 
(1967), Murat, (1970), Merki, (1970), Hospers, (1971) 
etc  and  also  from  exploration  records  of  oil  and  gas 
companies in Nigeria. The formation of the so called 
proto-Niger  Delta  occurred  during  the  second 
depositional  cycle  (Campanian-Maastrichtian)  of  the 
southern  Nigerian  basin.  However,  the  modern  Niger 
Delta was formed during the third and last depositional 
cycle of the southern Nigerian basin which started in 
the Paleocene. 
 
Short and Stauble (1976) explained that the Niger 
Delta  sedimentary  basin  as  made  up  of  three  main 
Formations  divided  lithostratigraphically  and  in  the 
order  of  age  into  Akata  Formation,  (Paleocene), 
Agbada  formation,  (Eocene)  and  Benin  Formation 
(Miocene  to  Recent).  These  Formations  are  in  turn, 
overlain by various types of Quaternary deposits, 40 -
150m in thickness (Etu-Efeotor and Akpokodje, 1990), 
(Table 1). 
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Table 1.   Various geomorphic units overlying the subsurface geology of the Niger Delta 
 
Ebubu itself is located within the quaternary coastal 
plain of the lower Niger with extensive alluvium deposits. 
The  alluvium  forms  the  surface  blanket  for  the  coastal 
plain  sands.  They  are  sufficiently  recharged  by 
precipitation and surface water bodies. Static water levels 
are generally fairly shallow, varying between 8 and 15m 
with  the  water  table  showing  appreciable  seasonal 
fluctuations, rising with the rains and declining during dry 
season. Groundwater flow is generally in the NE-SW trend 
in line with the regional trend in the basin. Water quality 
increases  with  depth  with  the  thick  sequence  of  sands 
forming the major aquifers in the area while the clays form 
the  aquitards.  The  Benin  Formation  forms  the  major 
aquifer in the study area and is exploited for groundwater 
supply. Although a depth of 100m is most exploited, about 
300m  depth  has  been  exploited  for  water  supply  (Ngah 
1990). It consists essentially of massive and highly porous 
sands and gravels with few clay intercalations 
 
Some  studies  have  previously  been  carried  out  at 
other  parts  of  the  Niger  Delta  to  evaluate  the  subsoil 
resistivity  and  geotechnical  properties  for  various  other 
uses, (Osakuni and Abam, 2004, Abam and Ngah, 2013, 
Ngah  and  Abam,  2014).  The  uniqueness  of  the  present 
study is the application for which it is sought. 
  
III.  Materials and Method 
Resistivity  is  a  fundamental  electrical  property  of 
rock material closely related to its lithology. Its subsurface 
distribution can be determined from measurements on the 
surface  leading  to  the  generation  of  a  resistivity  profile 
that  can  be  used  to  characterize  subsurface  formations. 
Knowledge  of  the  distribution  can  guide  in  choice  of 
locations of earthing electrodes. 
 
To  achieve  this,  field  works  were  undertaken  to 
measure the resistivity of earth materials below the study 
area.  ABEM  Terrameter  SAS  1000  was  used  for  this 
investigation. The terrameter itself comprises three main 
units namely the transmitter, receiver and micro-processor 
all enclosed in a single casing.   The electrically isolated 
transmitter  sends  out  well-defined  and  regulated  signal 
currents.    The  receiver  discriminates  wise  and  measure 
voltage correlated with transmitted signal current while the 
micro-processor  monitors  and  controls  operations  and 
calculates results in running average of repeated readings. 
 
Field resistivity measurement is achieved by passing a 
current of known value into the ground by means of two 
electrodes  (C1,  C2)  and  measuring  potential  difference 
between  two  intermediate  points  in  the  ground  using 
another two electrodes (P1, P. 2), Figure 2.  
 
The ground whose mean resistivity is measured is that 
between the voltage electrodes (P1, P2 ) up to a depth (ID) 
equal to about 1/3 of the distance between C1  and C2  (total 
electrode spacing) and a width equal to about 2/3 of the 
distance C1   and C2.  (Reynolds 1998).  As the electrode 
spacing (C1, C2) increases, depth of the probe increases, a 
process  often  referred  to  as  electrical  drilling.  The 
potential-drop-ratio  method  is  a  variation  on  this 
procedure used for determining resistivity.  
Geological Unit  Lithology  Age 
Alluvium (general) 
 
Freshwater Back-swamp, Meander belt 
 
Mangrove and salt water/backswamps 
 
Active/abandoned beach ridges 
 
Sombreiro-Warri deltaic plain 
Gravel, sand, clay, silt 
 
Sand, clay, some silt gravel 
 
 
Medium-fine sands, clay and some 
silt 
 
Sand, clay, and some silt 
 
 
Sand, clay, and some silt 
 
 
 
 
 
Quaternary  
Benin Formation 
(Coastal Plain Sand) 
 
Coarse to medium sand with 
subordinate silt and clay lenses 
 
Miocene 
Agbada Formation 
 
Mixture of sand, clay and silt  Eocene  
Akata Formation 
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Figure 2 Electrode arrangement using Schlumberger Configuration  
 
All resistivity techniques in general use require the measurement of ground resistance (R) which is converted to 
apparent  resistivity  (ρa) by  multiplying  with a  geometric factor  which describes the  geometry of the electrode 
configuration such that (Keller and Frechnecht 1970): 
         
             ρa   =  2π.aR.  
Where   R     =   resistance value read on the resistivity meter (Ω)  
             a     =    electrode spacing (m) 
ρa    =   average resistivity (Ωm) of an equivalent soil layer which is equal to 75% of the distance between 
the inner and outer electrodes (0.756) 
 
Measurements were taken at each pre-determined borehole points. A total of 12 points were measured to assess the 
subsoil resistivity in the project area (fig. 2). The sounding points were geo-referenced using GPS and presented in 
Table 2. A sounded depth of 30m was achieved with a total electrode spacing of 90m.  Schlumberger electrode 
configuration was adopted with the following electrode intervals (C1, C2): 3m, 4.5m, 6m, 9m, 12m, 15m, 21m, 30m, 
45m, 60m, and 90m. The Schlumberger configuration was preferred for its reliability and convenience (Zohdy 
1989), and the readings  were collected under clement  weather conditions. The raw  field data was checked for 
accuracy. Appropriate conversions were made and the field data were later processed using Res2Dinv and IP12Win 
presenting  the  VES  data  as  sounding  curves  obtained  by  plotting  the  apparent  resistivity  versus  half  electrode 
spacing. 
 
A graphic plot of A log ρ = f (l) profile was made while pseudo sections trending SE – NW and SW – NE of the 
study area were also taken.  From these, a geo-electric profile model was generated which summarizes the likely 
subsurface geo-electric layers in the site. Figure 3 shows the layout of the VES/Borehole points 
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Figure 3. Layout of the VES/Borehole points at the site. 
 
 
 
IV.  Results  and Discussions 
The calculated average resistivity of the subsurface layers at various VES points are shown in Table 2.  Graphic 
plots of A log ρ = f (l) profile presented as geo-electric log models are shown in Figures 4- 15 while Figures 16 – 19 
are geo-electric profile models (pseudo sections) and summarize the probable subsurface geo-electric layers under 
the study area. 
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Table 3 Resistivity Values at various sounding points in the site. 
 
 
 
         
 
       Figure 4. Resistivity log for VES 1                 Figure 5. Resistivity log for VES 2                 Figure 6. Resistivity log for VES 3 
 T.K.S. Abam Int. Journal of Engineering Research and Applications                                    www.ijera.com 
ISSN : 2248-9622, Vol. 4, Issue 9( Version 4), September 2014, pp.42-52 
  www.ijera.com                                                                                                                                48 | P a g e  
       
 
        Figure 7. Resistivity log for VES 4               Figure 8. Resistivity log for VES 5                Figure 9. Resistivity log for VES 6 
 
 
         
 
       Figure 10. Resistivity log for VES 7         Figure 11. Resistivity log for VES 8          Figure 12. Resistivity log for VES 9 
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     Figure 13. Resistivity log for VES 10       Figure 14. Resistivity log for VES 11         Figure 15. Resistivity log for VES 12 
 
 
 
Figure 16  SW – NE Pseudo Cross Section A: (VES points 8, 9 & 10) 
 T.K.S. Abam Int. Journal of Engineering Research and Applications                                    www.ijera.com 
ISSN : 2248-9622, Vol. 4, Issue 9( Version 4), September 2014, pp.42-52 
  www.ijera.com                                                                                                                                50 | P a g e  
 
 
Figure 17 SW-NE Pseudo Cross Section B: (VES points 6, 7 & 5) 
 
 
Figure 18 SW-NE Pseudo Cross Section C: (VES points 2, 12, 3 & 4) 
 T.K.S. Abam Int. Journal of Engineering Research and Applications                                    www.ijera.com 
ISSN : 2248-9622, Vol. 4, Issue 9( Version 4), September 2014, pp.42-52 
  www.ijera.com                                                                                                                                51 | P a g e  
 
Figure 19  Pseudo Cross Section D: (VES 11, 1, 2 & 6) SE-NW 
 
 
From the results of the VES, the area is seen to be characterized by two geo-electric layers. The upper layer consists 
of materials of low resistivity around VES 1,3,4,5, 7 and 8 to a depth of about 2 -3m with the resistivity increasing 
with depth. Values of  ρa range from 280 – 700 Ωm The surficial materials of low resistivity are absent in VES 
2,6,9,10,11 and 12 where the resistivity is high (1100 - 1600 Ωm) even at near-surface depths. The near surface 
materials are interpreted as consisting of lateritic to silty sands which forms a less pervious near-surface blanket that 
will offer resistance to easy infiltration of rainfall and hence result in large run-off . The underlying materials are 
thought to be coarser materials (sand) which form the aquifers of the area. Values of ρa here is high (900 - >2000 
Ωm) representing medium to coarse sands and gravels which form major groundwater reservoir in the area.  The 
peculiar values of apparent resistivity at VES 11 is noteworthy and represents localized alternation of sands and 
clayey sands. The pseudo sections more clearly illustrate the probable succession of the two lithlogic units along the 
NE-SW trends of the location. 
 
To evaluate how chemically aggressive the reference subsoil is,  the apparent resistivity values were compared with 
the Soil Electrical Resistivity Classification Code, BS 1377, Table 4.   
 
Table 4  Soil Electrical Resistivity Classification (BS – 1377) 
Soil Resistivity (ohm-m)  Soil Corrosivity 
< 10  Severe 
10 – 50  Corrosive 
50  – 100  Moderately corrosive 
>100  Slightly corrosive 
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The comparison shows that the apparent resistivity of the study site ranges from 280 - >2000 Ωm. It can therefore be 
concluded that the soil corrosivity potential is extremely low at all the VES points in the site to the depth of 30m. 
Sub-surface  installations  are  not  likely  to  suffer  corrosion.  Similarly,  subsurface  electrical  installations  will 
constitute minimal hazard.  
 
V.  Conclusions 
Electrical resistivity method has been applied in evaluating the geo-electrical properties in a site proposed for the 
construction of Power substation. The area was found to be characterized by two geo-electric layers; an upper layer 
consisting of materials of low resistivity around (VES 1,3,4,5, 7 and 8) occurring to a depth of 2 -3m with the 
resistivity increasing with depth and a lower layer having higher resistivity  900 - > 2000 Ωm).  Values of ρa  in the 
upper layer range from 280 – 700 Ωm. However, these materials are absent in VES 2,6,9,10,11 and 12 where the 
resistivity  is  high  even  at  near-surface  depths.  Geologically,  the  near  surface  materials  are  interpreted  as  less 
pervious lateritic to silty sands while the lower materials represent coarse sands and gravels. The pseudo profile 
further reveals some alternation of sands and clay at depths. The less permeable cover will resist the percolation of 
rainfall while the underlying sand and gravel forms the upper parts of an unconfined aquifer in the area. When 
placed in the Soil Electrical Resistivity Classification (BS 1377), the subsoil in the study site was seen to be non-
corrosive.  Objects  installed  in  the  soil  are  not  likely  to  suffer  corrosion  soon.  Similarly,  subsurface  electrical 
installations will pose minimal hazards and would require basic precautions to avoid electrical accidents.  
 
References 
[1.]  Abam, T. K.S. and Ngah, S. A.  Geo-electric characterization of a new development area: The case of 
Greater Port Harcout, Phase 1, Rivers State , Nigeria. Am.  Jl  Envt Engr. Vol 3 No. 5 pp 199-206 
[2.]  Etu-Efeotor, J.O. and Akpokodje, E.G (1990). Aquifer Systems of the Niger Delta. Nig. Jl Min. Geol. Vol. 
26,  No. 2, pp 278 – 284. 
[3.]  Hospers, J. the Geology of the Niger Delta Area. In:The Geology of the East Atlantic Continental Margins 
of Africa. Gt Britain Inst. Geol.Sci. Report 70/16. Pp121 – 142 
[4.]  Keller, G.V and Frischnecht (1970) electrical Methods in Geophysical Prospecting, 2
nd edition.  Pergamon 
Press, New York NY, 517pp. 
[5.]  Kizitto Aweto and Irwin A. Akpoborie (2011). Geo-electric and hydrogeochemical Mapping of Quaternary 
Deposits at Orerokpe, Western Niger Delta.j. Appl. Sci. Manage. Vol. 15(2) pp 351 – 359 
[6.]  Merki, P. J. (1970) Structural Geology of of  the Cenozoic Niger Delta. Afr. Geol. University of Ibadan 
Press. Ibadan , Nigeria pp251 – 268 
[7.]  Murat, R. C., (1972):   Stratigraphy and paleogeography of the Cretaceous and Lower Tertiary in Southern 
Nigeria. In: T. F. J. Dessauvagie and A. J. Whiteman (Eds.) African Geology. Univ. Ibadan, Ibadan, pp. 251 
– 266. 
[8.]  Ngah, S. A., (1990):   Groundwater Resource Development in the Niger Delta: Problems and Prospects. 
Proceedings of 8th International IAEG Congress, Balkema, Rotterdam.  pp. 1379 – 1386. 
[9.]  Ngah S. A. and Abam, T.K.S. (2014) Shallow Resistivity Measurements for subsoil corrosivity evaluation in 
Port Harcourt Metroplis, Nigeria. Int. Jl Sci & Tech Vol. 3, No.2 pp 85 – 91. 
[10.] Osakuni, M. U. and Abam, T. K. S. (2004). Shalloe resistivity measurements for cathodic protection of 
pipelines in the Niger Delta. Envt Geol. Vol 45, No 6, pp 747 – 752 
[11.] Reyment, R. A., (1965):  Aspects of the Geology of Nigeria. Ibadan Univ. Press, Ibadan  145pp. 
[12.] Reynolds  J.M.  (1998).  An  introduction  to  Applied  Envrirnmental  Geophysics.  John  Willey  and  Sons, 
London. 650pp. 
[13.] Short, K. C. and Stauble, A. J., (1967):   Outline of the Geology of the Niger Delta. Bull.  AAPG., 51, pp. 
761 – 779. 
[14.] Zohdy,  A.A.R.  (1989)  a  New  method  for  the  automatic  interpretation  of  Schlumberger  and  Wenner 
Sounding Curves.  Geophysics VIS p. 245-245. 